The temporal bone forms a part of the lateral skull base and houses the organs of hearing and balance, as well as the temporal portion of the carotid artery. The temporal bone also transmits the facial nerve from the brainstem to the facial soft tissues. In its role as part of the skull base, it articulates with the sphenoid, parietal, zygomatic, and occipital bones and forms the floor of the middle fossa. Injuries to this critical structure can have multiple consequences, including deficits in hearing and balance and facial nerve paralysis. The bone itself is subdivided into four parts: the mastoid process, the tympanic portion, the squamosa, and the petrous apex.
disruption was seen in 11.8% of patients, and otic capsule violation was seen in 5.9%; 22.7% of patients presented for audiologic follow-up. Seventeen patients with conductive hearing loss had air-bone gaps of 26 AE 7.5 dB (500 Hz), 27 AE 6.8 dB (1,000 Hz), 18 AE 6.2 dB (2,000 Hz), and 32 AE 7.7 dB (4,000 Hz). Two cases of profound sensorineural hearing loss were associated with otic capsule violation. No fracture classification scheme was predictive of hearing loss, although longitudinal fractures were statistically associated with ossicular chain disruption (p < 0.01). Temporal bone fractures in patients older than 60 years carried a relative risk of death of 3.15 compared with those younger than 60 years. The average magnitude of conductive hearing loss resulting from temporal bone fracture ranged from 18 to 32 dB in this cohort. Classification of fracture type was not predictive of hearing loss, despite the statistical association between ossicular chain disruption and longitudinal fractures. This finding may be due to the low follow-up rates of this patient population. Physicians should make a concerted effort to ensure that audiological monitoring is executed to prevent and manage long-term hearing impairment.
correlate them with clinical symptoms. The initial classification system separated fractures into longitudinal, transverse, or oblique depending on the relationship between the long axis of the fracture and of the petrous apex. Mechanisms of hearing loss following temporal bone trauma are varied. Direct damage to the cochlea or internal auditory canal and disruption of the ossicular chain are the most obvious mechanisms of hearing loss and are apparent radiographically. 7 However, hearing loss can still result from injury to the membranes within the cochlea, or by microfractures of the cochlea which are not apparent on computed tomographic (CT) scans. However, while the relationship between temporal bone fractures and complications such as CSF leak and facial nerve paralysis has been extensively reported, data about longer-term hearing outcomes are scarce. The objective of this study is to present longer-term hearing outcomes following temporal bone fractures.
Methods
This retrospective review was conducted across two hospitals associated with the same institution, an academic tertiary care referral center and a community hospital. Academic institutional review board approval was obtained prior to initiation of the study (Pro00058026). Emergency department records were explored for all patients older than 18 years, seen between January 1, 2004, and June 30, 2014, with an associated ICD9 code for skull base fracture (801.xx or 803.xx). Because there is no specific ICD9 code for temporal bone fractures, this subset of records was further refined by filtering for records containing a CT scan report with the phrase "temporal bone fracture." This group of records was further filtered to exclude those patients whose temporal bone fracture was confined to the squamosal portion of the temporal bone, as squamous temporal bone fractures at this institution are managed by neurosurgery. Furthermore, isolated squamous temporal bone fractures are not known to contribute to hearing deficits. Charts were reviewed to determine demographic data as well as audiometric follow-up. CT scans were assessed to determine the type and extent of fracture, as well as the presence of hemotympanum, ossicular chain dislocation, or otic capsule violation. Fractures were classified as either longitudinal, transverse, or oblique depending on their orientation with respect to the long axis of the temporal bone. Fractures containing both longitudinal and transverse components were classified as mixed. For patients with audiometric follow-up data, fractures were also classified based on whether the petrous apex was involved or spared.
Statistical analysis was performed using the χ 2 test for comparison of proportions.
Results
A total of 152 patients met inclusion criteria for the study. Bilateral fractures were noted in 19 of 152 patients (12.5%) for a total of 172 temporal bone fractures in the study. Baseline characteristics of the study group are outlined in ►Table 1.
Temporal bone fractures carried a relatively high risk of mortality, predominantly due to associated intracranial injuries. In our cohort, 30 of the 152 (19.7%) patients died during admission. This risk was not evenly distributed across age groups. Among patients 60 years or older, 12 of the 26 (42%) patients did not survive their admission, compared with 18 of the 126 (14.0%) patients younger than 60 years who did not survive. This finding was statistically significant (p < 0.001). Among those patients who died during the same admission as the temporal bone fracture, the cause of death was directly related to sequelae of intracranial injuries in 25 of 29 (86%) patients. Among those patients who died, the most common findings on head CT scan were subarachnoid or subdural hemorrhage, midline shift away from the side of the fracture, and diffuse cerebral edema. For patients 60 years or older, the presence of a temporal bone fracture carried a relative risk of death of 3.15 ([95% confidence interval [CI]: 1.8-5.4]) compared with patients younger than 60 years. Patients 60 years or older were also much more likely to be injured via a fall compared with a vehicular related mechanism (p < 0.02).
A total of 169 CT scans were analyzed for radiographic abnormalities associated with temporal bone fractures; two scans were not examined due to their removal from the medical record system for unspecified reasons. Hemotympanum was very common and present in 129 of 169 scans (76.3%). Ossicular chain disruption was noted in 20 of 169 scans (11.8%) and otic capsule violation was noted in 10 of 169 scans (5.9%). Ossicular chain disruption was more commonly associated with fractures classified as longitudinal compared with transverse or oblique/mixed fracture patterns (p < 0.01).
Of a total of 119 patients who survived their hospitalization, 27 presented for audiologic follow-up (22.7%). Initial audiometric follow-up was performed, on average, 43 days after initial injury ([range: 3-316 days]). The various types of hearing loss observed are shown in ►Fig. 1. For patients with a conductive component to their hearing loss, air-bone gaps were noted between 15 and 35 dB, with the breakdown by frequency shown in ►Fig. 2. Five patients were noted to have hemotympanum on their initial visit, which had resolved in all cases by the second visit which was between 21 and 40 days after the initial visit. Of the four patients with mixedtype hearing loss, three had documented resolution of the conductive component by their second visit, with the remaining patient having continued CHL at the time of the latest audiogram. Of the eight patients with a pure SNHL, two patients with otic capsule violating fractures experienced a profound loss with lack of response to auditory stimuli at any hearing level. The remaining six patients with SNHL had mild to moderate levels of hearing loss. No fracture classification scheme utilized was predictive of hearing loss in those patients who presented for audiologic follow-up.
Discussion
Head trauma continues to be a major cause of morbidity and mortality. The literature reports motor vehicle accidents (MVAs) are the primary mechanism for injury 8 which is confirmed in our series as 78% of cases were secondary to MVAs. Based on retrospective review of the medical records, we aimed to investigate and present long-term hearing outcomes following temporal bone fractures. Of what limited data currently exists in the literature, the reported incidence rates for CHL following temporal bone fracture are 10 to 57% 6,8 and from our current understanding CHL generally resolves over time, usually within 3 to 4 weeks. SNHL rates post-temporal bone trauma are reported as 0 to 14%.
6,9
In our study, of those patients for whom audiograms were available, only 17% had grossly normal hearing. Unfortunately, no preinjury audiograms were available for any patients in this study. At a mean of 43 days post-temporal bone injury, we observed an incidence of 43% CHL, 27% SNHL, and 13% mixed hearing loss. All patients with SNHL not attributable to an otic capsule fracture were found to have symmetric SNHL, suggesting this was likely a preexisting condition. Out of 17 patients with some component of CHL, 5 were found to have hemotympanum on exam. All five patients had resolution of their hemotympanum on a subsequent exam, with a range between Abbreviations: ATV, all-terrain vehicle; GSW, gunshot wound; MVC, motor vehicle collision. 21 and 40 days after the initial injury. This is concordant with previous estimates of~approximately 6 weeks for resolution of hemotympanum. However, there were 13 patients with a documented CHL and a well-aerated middle ear space. This may be the result of blood clots which are not evident on exam, or due to subtle dislocations of the ossicular chain which may not have been evident on CT scan. It is interesting to note the low proportion (22.7%) of patients who presented for audiologic follow-up after temporal bone trauma. To our knowledge, this finding of low follow-up rates has not been previously reported. It is unclear whether this is due to lack of follow-up referrals being made, or lack of patient compliance with follow-up. Low follow-up may also be due to the fact that temporal bone fractures rarely occur in isolation. Approximately 1,875 lb of force is required to fracture the temporal bone, 6 and as a result there are frequently concordant intracranial and spinal injuries associated with temporal bone fractures. With altered mental status, patients may be unable to communicate that they have a hearing loss. Therefore, hearing loss may go unrecognized, or may be considered a lower priority than other injuries which are acutely life threatening. Our study does likely underestimate the true audiologic follow-up rate, as our institution is a level 1 trauma center with a large catchment area. It is possible that many of the patients who did not present for follow-up at our institution actually sought evaluation by local otolaryngologists and audiologists. It is also possible that some patients choose not to follow-up because their hearing loss was due to hemotympanum and resolved spontaneously. However, among the 20 patients with radiographically evident ossicular chain disruption, only 3 had subsequent follow-up audiograms, and of the 10 patients with otic capsule violation, only 2 appeared for a postinjury hearing evaluation. It is not reasonable to conclude that these patients had hearing loss which would have resolved on its own without some form of intervention.
There is evidence to suggest that our study cohort has patients with missed ossicular chain disruption. First, the proportion of otic capsule disruption in our study is somewhat lower than the 15% to 37% previously reported in the literature.
10,11 Second, some patients underwent only a standard noncontrast head CT as part of their trauma workup as opposed to a dedicated petrous temporal bone CT scan, and subtle otic capsule injuries may have been missed due to the thicker CT slices. Third, among the 14 patients who followed up and had no radiographically evident otic capsule disruption, the magnitude of conductive loss was similar to the three patients with known otic capsule disruption, and also with previously reported values in the literature for traumatic dissociation of the ossicles. 12 If indeed patients with ossicular chain disruption are being missed for treatment, it would represent a significant problem as temporal bone injuries have been demonstrated to have significant detrimental effects on functional status and quality of life.
13,14
Our study was not able to show that any particular system of characterizing temporal bone fractures is predictive of long-term hearing loss. However, longitudinal fractures were more frequently associated with ossicular chain disruption (p < 0.01) than oblique or mixed-type fractures. This can be accounted for by the fact that longitudinal fractures pass from lateral to medial and cross the trajectory of the ossicular chain. It is difficult to explain why longitudinal fractures are not associated with CHL in our study, but this may be due to the fact that of 20 patients with ossicular chain disruption, only 3 have follow-up audiograms in our medical record system.
The main weakness of this study is the retrospective design. Furthermore, this study does not account for patients who may have followed up outside of our institution for their audiologic care which may have contributed to the low rates of audiologic follow-up. The low follow-up rate does make it challenging to generalize and suggest that the results discovered in this cohort apply to the entire population of patients with temporal bone fractures. However, this study does represent an important contribution to improving our understanding of longer-term hearing outcomes in patients with temporal bone fractures.
Conclusion
Classification of temporal bone fracture type was not predictive of hearing loss in our cohort, despite the association between ossicular chain disruption and longitudinal fractures. For those who presented for audiologic follow-up at a mean of 43 days postinjury, we observed an incidence of 43% CHL, 27% SNHL, and 13% mixed hearing loss and the average magnitude of CHL ranged from 18 to 32 dB. Mortality was largely secondary to intracranial injuries sustained at the same time as the temporal bone fracture. Audiologic followup rates were poor within this cohort, which may affect the overall results. The low rates of audiologic follow-up observed should alert clinicians to make a concerted effort to ensure that audiological monitoring is executed to prevent and manage long-term hearing impairment in patients with temporal bone injuries. This may require a coordinated care approach to improve follow-up rates.
